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Abstract

Autoantibodies to phospholipids (APA) occur frequently in sys-
temic lupus erythematosus (SLE) and other autoimmune dis-
orders and predispose to intravascular thromboses. Major his-
tocompatibility complex (MHC) class II alleles (HLA-DR and
DQ) were determined by restriction fragment length polymor-
phisms (RFLP) in 20 patients with APA (lupus anticoagulant).
HLA-DQw7 (DQB140301), linked to HLA-DRS and -DR4
haplotypes, occurred in 70% and was significantly increased
compared to 139 race-matched normal controls (P = 0.002, P
corrected [pc] = 0.05, odds ratio [OR] = 5.1). Moreover, the
frequency of HLA-DQw?7 was significantly higher in SLE pa-
tients with APA as compared with patients without APA but
with other autoantibodies, including anti-Ro and La (P
= 0.0001, pc = 0.002, OR = 10.7), anti-Ro alone (P = 0.001,
pc = 0.02, OR = 11.2), anti-dsDNA (P = 0.001, pc = 0.02, OR
= 7.1), and possibly anti-Sm (P = 0.04, pc = NS, OR = 6.8)
and anti-nRNP (U1-RNP) (P = 0.01, pc = NS, OR = 7.8). The
DQB1+0301 allele of DQw7 showed the strongest association,
while the frequencies of the DQA1+0301 (45%) and
DQA1+0501 (50%) alleles did not differ from the controls.
Among the HLA-DQB1+0301 (DQw?7) negative patients, all
possessed HLA-DQwS8 (DQB10302) and/or HLA-DQw6
(DQB1+0602 or DQB1x0603) alleles. The HLA-
DQB1+0301 chain shares an identical seven amino acid se-
quence with DQB1 *0302, +0602, and 0603 chains in the third
hypervariable region of the HLA-DQ molecule. This candidate
‘“epitope” may play a role in mediating an autoimmune re-
sponse to APA. (J. Clin. Invest. 1991. 87:1490-1495.) Key
words: antiphospholipid antibodies « HLA-class II alleles « re-
striction fragment length polymorphism ¢ systemic lupus ery-
thematosus ¢ autoantibodies

Introduction

Autoantibodies to phospholipids (APA)' occur frequently (34-
44%) in patients with systemic lupus erythematosus (SLE) and,
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less often, in those with other connective tissue diseases (re-
viewed in reference 1). Although recognized for many years as
the cause for a biologic false-positive (BFP) test for syphilis and
a circulating lupus anticoagulant (2, 3), and, more recently, by
anticardiolipin assays (4), their clinical relevance to disease
manifestations is only now being appreciated. Recent studies
indicate strong correlations of APA with intravascular throm-
boses, recurrent spontaneous abortions, Libman-Sack’s endo-
carditis, and livido reticularis (1, 5). Moreover, a causative role
for these antibodies in these disease complications seems likely.
A “primary antiphospholipid syndrome” has even been pro-
posed based on patients presenting with these clinical features
in association with anticardiolipin antibodies or a lupus antico-
agulant who do not fulfill criteria for SLE or other connective
tissue disease (5, 6). In fact, APA have been detected in 3-4% of
patients presenting with strokes (7, 8), and we have found re-
cently a 9% prevalence of the lupus anticoagulant in 100 consec-
utive patients admitted to a neurology service.

SLE is a clinically and serologically heterogeneous disease
in which genetic factors appear to play important roles. HLA-
DR2 and HLA-DR3 each show weak associations with SLE (9,
10); however, stronger HLA class II correlations have been
found for several autoantibodies expressed in SLE patients
(11-13). Such findings suggest that these autoimmune re-
sponses, some of which may play direct pathogenetic roles, are
genetically mediated by antigen-specific T helper lympho-
cytes (14).

The purpose of this study was to determine whether any
HLA-DR and/or -DQ alleles were associated with antiphos-
pholipid antibodies as defined by the presence of a circulating
lupus anticoagulant. Moreover, immunogenetic differences
were sought between connective tissue disease patients express-
ing the lupus anticoagulant and those, especially with SLE,
having other autoantibody profiles. HLA-DR and -DQ alleles
were defined at the DNA level using restriction fragment length
polymorphisms (RFLP), so as to more precisely define the spe-
cific alleles and potential nucleotide (and their inferred amino
acid) sequences associated with this autoimmune response.

Methods

Patients and controls. As an ongoing study, all patients with connective
tissue diseases followed by the Division of Rheumatology and Clinical
Immunogenetics are studied routinely for a variety of autoantibodies
and undergo HLA-DR and -DQ typing by RFLP after informed con-
sent is obtained. 20 such patients (16 white and 4 black) with a circulat-
ing lupus anticoagulant have been identified and constitute the basis of
this study. For purposes of immunogenetic comparison, patients with
other autoantibody profiles but who were negative for the lupus antico-
agulant were selected. These included (a) 24 patients (5 white and 19
black) with SLE who possessed anti-Sm with or without anti-nRNP
(U1-RNP), () 26 patients (13 white and 13 black) with SLE who were
positive for anti-nRNP (U1-RNP) without anti-Sm, (c) 45 patients (23
white and 22 black) with SLE or Sjogren’s syndrome who were positive



for anti-Ro (SS-A) but not anti-La (SS-B) (d) 57 patients (32 white and
25 black) with SLE or Sjogren’s syndrome who were positive for anti-
Ro and anti-La, and (¢) 53 patients with SLE positive for high-titer
anti-dsDNA antibodies. Because we were studying autoantibody sub-
sets, it should be noted that patients with multiple autoantibodies could
be represented in more than one of the above groups.

Normal controls included 79 local Caucasian and 60 local black
volunteers who were blood donors or medical school personnel whose
HLA-DR and -DQ alleles were similarly defined by RFLP analyses.

Autoantibody determinations. The lupus anticoagulant was defined
by the tissue thromboplastin inhibition test (Sigma Chemical Co., St.
Louis, MO) performed on freshly drawn citrated blood in the clinical
laboratory. In addition, 16 of the 20 lupus anticoagulant positive pa-
tients had a prolonged activated partial thromboplastin time which did
not correct with a 1:1 mix with fresh normal human plasma.

Antibodies to Sm, nRNP (U1-RNP), and La were detected by
countercurrent immunoelectrophoresis against calf thymus and anti-
Ro against human spleen extracts using our modifications (15) of the
method of Johnson et al. (16). Antibodies to double-stranded DNA
(dsDNA) were determined by indirect immunofluorescence using
Crithidia luciliae as antigen substrate (17) and by ELISA using calf
thymus DNA (Sigma Chemical Co.). Only those with titers > 1/160 on
Crithidia luciliae and high levels of binding in ELISA were included in
the anti-dsDNA positive group.

RFLP analysis of HLA-DR and DQ alleles. Genomic DNA was
extracted from peripheral blood leukocytes (18) and 10 ug digested
with the restriction endonucleases Bam HI and Taq I under conditions
specified by the manufacturer, and then electrophoresed through 0.8%
agarose gel overnight at 50 V. The gel was then stained in ethidium
bromide, photographed, and subjected to denaturation and neutraliza-
tion as described previously (19), and transferred onto Zetabind mem-
branes (Cuno Inc., Meriden, CT).

Probes used in this study included a 770 bp Sac I/Hind IlI-cut
full-length DRB1 cDNA (20), a 700-bp full-length Pst I-cut DQBI
cDNA (21), and a 2.4-kb genomic Pst I-cut DQAI probe (22), which
were radiolabeled with «CTP*? by oligolabeling (23). Prehybridiza-
tion and hybridization conditions were carried out as previously de-
scribed (19).

HLA-DR and -DQ specificities were assigned to specific RFLP
bands at the 10th International Histocompatibility Testing Workshop
(24), as well as in our own (25, 26) and others’ studies (27-32). Specific
DQA1 and DQBI chain alleles in each individual were assigned by
comparison with reported DQA 1 and DQB1 RFLP’s for specific HLA-
D haplotypes as determined by the World Health Organization No-
menclature Committee for factors of the HLA system which met dur-
ing the 7th International Congress of Immunology in 1989 (33).

Statistical analyses. Comparisons of HLA phenotype frequencies
in lupus anticoagulant positive patients versus normal race-matched
controls and other autoantibody subsets were performed using Mantel-
Haenszel chi-square analysis which combined the 2 X 2 tables for each
race using the EPISTAT statistical program. P values were corrected
for the number of HLA specificities examined. Relative risks were cal-
culated as odds ratios, also using the Mantel-Haenszel method. There-
fore, the odds ratios reported represent an averaged risk for combined
white and black patients as compared to their respective combined
race-matched controls.

Resulits

Among the 20 patients with a lupus anticoagulant, nine ful-
filled the American College of Rheumatology criteria for SLE
(34), eight were considered clinically to have a primary anti-
phospholipid syndrome (5), two had primary Sjogren’s syn-
drome, and one had scleroderma. 15 had had clinically signifi-
cant complications of the lupus anticoagulant including throm-
botic cerebrovascular accidents (five patients), other central
nervous system events (five patients), deep venous thromboses

(four patients), or recurrent spontaneous abortions (three pa-
tients). Coexisting autoantibodies included anti-dsDNA in two
with SLE, anti-Ro in three (two with Sjogren’s syndrome and
one SLE), anti-La in one (with Sjogren’s syndrome), and anti-
centromere in one (with scleroderma).

Lupus anticoagulant versus normal controls. HLA-DRS,
DRw52b (Dw25), and DQw?7 were each significantly increased
in patients with the lupus anticoagulant as compared with race-
matched normal controls (Table I). These three specificities
were typically inherited as a haplotype in nine patients; the one
additional DRw52b occurred on a DRwé6 (13) haplotype, and
the five additional DQw7 specificities were linked to HLA-
DR4 haplotypes. All four of the black patients were positive for
HLA-DR4, DQw?7 haplotypes. Among the 10 HLA-DR4 posi-
tive normal black controls, only three (30%) were linked to
DQw?7 and the remainder (70%) to DQw8 (P = 0.07, Fisher’s
exact test, two-tailed, for comparison of DQw7 linkage to DR4
in black patients versus black controls). Thus, in both whites
and blacks HLA-DQw?7 was the most common of these asso-
ciated specificities (70%) and was the only one which main-
tained statistical significance after correction for multiple com-
parisons (Table I). Among the six HLA-DQw?7-negative pa-
tients, one was an HLA-DR4, -DQw8 homozygote, and the
remaining five were HLA-DQw6 heterozygotes, including two
with HLA-DQw8 and one with -DQw?9 on the alternative hap-
lotype. Thus, all patients with the lupus anticoagulant were
positive for HLA-DQw7, -DQw8 or -DQw6.

Lupus anticoagulant positives versus other autoantibody
subgroups. HLA-DRS5, -DRw52b (Dw25), and -DQw?7 were all
increased in patients with a lupus anticoagulant compared to
those with anti-Sm (with or without accompanying anti-U1-
RNP), anti-U1-RNP without anti-Sm, anti-Ro without anti-
La, anti-Ro and -La, and anti-dsDNA antibodies (Table II).

A significant association of HLA-DQw?7 was maintained in
lupus anticoagulant positives as compared to anti-Ro, anti-La,
and anti-dsDNA positives after correction of P values for multi-
ple comparisons, whereas HLA-DR 5 and -DRw52b lost signifi-
cance (except for DR5 and anti-Ro and -La). Moreover, HLA-
DQw?7 conferred the highest odds ratios for the lupus anticoagu-
lant versus each of the other autoantibody subgroups.

HLA-DQAI and -DQBI alleles in patients with the lupus
anticoagulant. HLA-DQA and -DQBI1 chain alleles compris-
ing the DQw?7 specificity were then determined from the RFLP
patterns (32) (Table III). All of the DQw7-positives possessed
the DQB1 %0301 allele (as expected) (P = 0.002; pc = 0.05; OR
= 5.7). The DQA1 alleles, DQA1+0301 (45%) and
DQA1+0501 (50%), were each represented in patients with
APA, and their individual frequencies did not differ signifi-
cantly from race-matched normal controls (Table III) or pa-
tients with other autoantibodies (data not shown). Among the
DQw7-negative patients, the DQw8-positive patient was ho-
mozygous for DQA1%0301, DQBI1+0302, and the DQw6-
positive patients had the DQA1x0102, DQA1+0103,
DQB1 %0602, and DQBI1 0603 alleles each represented.

Discussion

Major histocompatibility complex (MHC) or HLA-class II al-
leles appear to play important roles in certain autoimmune
responses. With recent applications of molecular genetic tech-
nology, specific MHC-encoded sequences, often shared by sev-
eral HLA alleles in their polymorphic domains, have been as-
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Table I. HLA-DR and -DQ Antigen Frequencies Determined by RFLP in Patients with the Lupus Ariticoagulant (LA) and in Normal

Race-Matched Controls
White Black
controls controls
HLA LA+ n=20 n=19 n =60 P* pct OR!
% % %
DRI1 0 0 27 20 — — —
DR2 (15, 16) 5 25 27 23 —_ — —
DR3 (17) 2 10 20 13 — — —
DR4 9 45 29 17 0.34 — 1.9
DR5 (11) 9 - 45 13 30 0.008 NS 4.2
DRw6é (13) 3 15 28 18 —_ — —
DRw6 (14) 1 5 10 18 — — —_—
DR7 5 25 19 25 — —_ —_
DRS8 3 15 6 8 — — —_
DR9 0 — 5 0 — — —
DRwl10 0 — 0 7 — — —_
DRw52a (Dw24) 4 20 39 42 — — —_
DRw52b (Dw25) 10 50 19 47 0.004 0.09 42
DRwS52c¢ (Dw26) 2 10 10 10 —_ _— —
DRw53 14 70 48 35 0.07 NS 2.8
DQw2.1 2 10 20 13 — — —_
DQw2.2 4 20 15 27 — — —
DQw4 2 10 5 17 — — —
DQw5 3 15 33 33 — _ —_—
DQw6 9 44 52 50 — — —
DQw7 14 70 32 35 0.002 0.05 5.1
DQw8 4 20 18 12 — - —
DQw9 1 5 8 2 — — -
* Mantel-Haenszel analysis combining white and black patients and controls.
# P value corrected for 23 allelic comparisons.
$ Odds ratio.
Table I1. Frequencies of Selected HLA Specificities Determined by RFLP in Autoantibody Subsets of Connective Tissue Diseases
Autoantibodies HLA No. (%) P* pct ORS
Lupus anticoagulant (LA) DRS5 9 (45) —_ —_ —_
n=20 DRw52b 10 (50) — — —
DQw7 14 (70) — — —
Anti-Sm + anti-U1-RNP DR5 6 (25) NS NS 54
n=24 DRwS52b 10 (42) NS NS 2.0
DQw7 7(29) 0.04 NS 6.8
Anti-U1-RNP without anti-Sm DR5 6 (23) 0.10 NS ‘4.3
n=26 DRw52b 10 (38) NS NS 2.7
DQw7 10 (38) 0.01 NS 7.8
Anti-Ro without anti-La DRS 11 (24) 0.07 NS 3.7
n=4;5s DRw52b 18 (39) 0.34 NS 2.1
DQw7 13 (28) 0.001 0.02 11.2
Anti-Ro and anti-La DR5 7(12) 0.02 0.02 8.2
n=>58 DRw52b 14 (24) 0.01 NS 4.7
DQw7 12 (21) 0.0001 0.002 10.7
Anti-dsDNA DR5 8 (15) 0.01 NS 5.7
n=2>53 DRw52b 14 (26) 0.08 NS 30
DQw7 15 (28) 0.001 0.02 7.1

* Mantel-Haenszel analysis combining white and black patients in each group compared to those with the LA.

* P value corrected for 23 allelic comparisons.

§ Odds ratio (Mantel-Haenszel).
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Table I1I. HLA-DQ Alleles in Patients with the Lupus Anticoagulant (LA) and in Normal Race-Matched Controls

White Black
controls controls
HLA LA+ n=20 n=179 n=60 P OR
% % %
DQB1+0301 14 70 32 35 0.009 4.1
DQA1+0301 9 45 34 17 NS —
DQA1+0501 10 50 37 40 NS —

sociated with predisposition to certain autoimmune diseases,
such as insulin-dependent diabetes mellitus, rheumatoid arthri-
tis, and pemphigus vulgaris (14, 35). Whereas these latter dis-
orders are characterized by a limited number of autoimmune
responses and usually single organ damage, patients with con-
nective tissue diseases, especially SLE, may have one or more
autoantibody systems. Moreover, certain clinical manifesta-
tions of these diseases are associated with the presence of cer-
tain circulating autoantibodies. Even before molecular genetic
studies, HLA antigen associations in these disorders appeared
to be more strongly correlated with certain autoantibodies than
with the parent diseases (11-15, 36). With the use of RFLP,
oligonucleotide probes, and nucleotide sequencing of MHC
genes in autoantibody subsets of patients, it appears that a vari-
ety of polymorphic MHC class II sequences are associated with
these autoimmune responses. For example, the anti-Jo-1 (histi-
dyl tRNA synthetase) autoantibody associated with interstitial
lung disease in polymyositis (but not anti-Jo-1 negative poly-
myositis) is associated with HLA-DRBI first hypervariable re-
gion sequences shared by HLA-DR3, DR5, DRw6, and DRw8
(37). The anticentromere antibody in scleroderma is strongly
correlated with an HLA-DRBI third diversity region sequence
shared by HLA-DR1 and DR4 (Dw13 and Dw14) (38). For
SLE and Sjogren’s syndrome, we have reported recently that
the Ro (SS-A) and La (SS-B) autoantibodies are associated
most strongly with HLA-DQA 1 alleles possessing glutamine in
position 34 and HLA-DQBI alleles having leucine in position
26 of their second hypervariable regions (39). For the anti-Sm
and anti-nRNP (U1-RNP) responses, HLA-DQBI! codon
(amino acid) position 57 appears to be critical (40). Anti-
dsDNA antibodies are associated with the HLA-DRBI1 #0201,
DRBI1+0602, and DQBI1+0302 alleles, each of which bears a
methionine in position 14 and a leucine in position 26 (41).

This study used a similar molecular approach to determine
whether any HLA-DR or -DQ alleles were associated with anti-
phospholipid antibodies, as defined by a circulating lupus anti-
coagulant. Indeed, HLA-DR5, -DRw52b (Dw25), and -DQw7,
which occur in linkage disequilibrium as a haplotype, were
each increased in patients with the lupus anticoagulant as com-
pared to race-matched normal controls. Of these alleles, HLA-
DQw7 was most commonly present (70%) and occurred on
HLA-DRS and/or HLA-DR4 haplotypes. Moreover, HLA-
DQw?7 was significantly increased in lupus anticoagulant posi-
tive patients when compared to those with anti-Ro, anti-La,
anti-dsDNA, and possibly anti-Sm (+anti-U1-RNP) and anti-
U1-RNP alone, whereas HLA-DRS and DRw52b tended to
lose significance when P values were corrected for multiple
comparisons.

There are two previous studies of HLA antigen frequencies,
detected serologically, in patients with APA. Savi et al. (42)
reported an increase of HLA-DR?7 in Italian patients and
McHugh and Maddison (43) an excess of HLA-DR4 in United
Kingdom patients with SLE and anticardiolipin antibodies. In
neither report were HLA-DQ frequencies described. In our
study, all of the patients with HLA-DQw7 were HLA-DR4 or
-DRS5 positive. It may be notable that HLA-DR4 is in linkage
disequilibrium with HLA-DQw7, whereas HLA-DR?7 is not.
HLA-DRwS53 is linked to both -DR4 and -DR7; however, this
allele was not significantly increased in our patients. Therefore,
it appears likely that HLA-DQw?7 is the most relevant allele;
however, we cannot exclude the possibility of an effect(s) from
HLA-DRS5 and/or HLA-DRw52b (Dw25). Moreover, our
study population was small and these results must be viewed as
preliminary.

Because HLA-DQ molecules are comprised of polymor-
phic DQa and DQg chains, we then ascertained specific DQA1

Table IV. Outer Domain Third Hypervariable Region Amino Acid Sequences Shared by Certain HLA-DQBI Alleles

Amino acid positions

HLA 71 72 73 74 75 76 77
DQw7(DQB1+0301), DQw8(DQBI +0302), DQw9(DQB1+0303),

DQw6(DQB1+0602, 0601, 0603, 0604) T R A E L D T
DQw2(DQB1+0201) K R A A A4 D R
DQwS(DQB1+0501 #, 0502, 0503) A R A s A D R

D R A S v D T

DQw4(DQB1+0401, 0402)

From references 14, 29, 33. Polymorphic residues are underlined.
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and DQBI alleles from RFLP patterns as defined by the 7th
International Congress of Immunology in 1989 (33). All of the
HLA-DQw7 positives with the lupus anticoagulant possessed
the DQB1x0301 allele which defines DQw7. HLA-
DQA1+0301, which may occur on DR4, DQw7; DR4, DQwS;
or DR9, DQw9 haplotypes was found in nine (45%) of the
patients and was not significantly increased when compared
with normal control frequencies. Similarly, HLA-
DQA1%0501 which may occur on HLA-DR5 (DRwl1 and
DRw12), DQw7; DR3 (DRw17), DQw2; DRw6 (DRwl14),
DQw7; and DR2, DQw7 haplotypes occurred in 50% of the
patients but was not significantly increased. Thus, HLA-
DQB1+0301 appears to show the strongest association with the
autoimmune response producing the lupus anticoagulant.

The HLA-DQ specificities found in the HLA-DQw7-nega-
tive patients with the lupus anticoagulant may provide clues to
the region of the HLA-DQ molecule involved in this autoim-
mune response. Interestingly, one patient was homozygous for
HLA-DQw8 and the remainder were heterozygous for HLA-
DQwé. Three of these latter patients were also heterozygous for
HLA-DQwS8 or -DQWw9. It seems unlikely that the HLA-DQA 1
alleles of -DQw7, -DQw6, and -DQw8 are primarily involved,
because their amino acid sequences are quite different (32, 33).
On the other hand, the HLA-DQBI1 alleles of -DQw7
(DQB1x0301), -DQw6 (DQB1x0602, *0601, *0603 and
*0604), -DQw8 (DQB1+0302) as well as -DQw9 (DQBI
*0303), share a common amino acid sequence (positions 71-
77) in the third hypervariable region of the outermost domain
(14, 29, 33) (Table IV). This DQBI1 sequence, TRAELDT, is
distinct from those found in the DQBI alleles of HLA-DQw2,
-DQw4, and -DQwS5 and, as such, may represent an autoanti-
body predisposing ‘“‘epitope’’. Based upon the hypothetical
model for MHC class II three-dimensional structure proposed
by Brown et al. (44), this sequence should map to the DQg
alpha helical region where it would be in a position to poten-
tially bind the T cell antigen receptor. It will not be certain,
however, where this sequence maps until the structures of class
II molecules are definitively known. Moreover, in other dis-
eases, such as rheumatoid arthritis and insulin-dependent dia-
betes mellitus, where particular amino acid sequences are im-
plicated in disease, the alleles sharing these sequences are inde-
pendently associated with the diseases (14, 37). It should be
emphasized that, thus far, this is not the case for the lupus
anticoagulant. HLA-DQw7 occurred more commonly in this
population of patients with this antibody than did -DQw8 or
-DQw6, despite the sharing of the same candidate -DQBI se-
quences. Thus, there may be other relevant sequences and/or
conformational determinants in the DQw7 molecule which
more strongly promote this abnormal immune response. We
did not find any HLA-DQ specificities that appeared “protec-
tive” (two patients had -DQw4, three -DQwS5, and six -DQw?2).
Additional studies will be needed to determine whether this
third hypervariable region sequence is the “epitope” which pref-
erentially binds the currently unknown antigen responsible for
the immune response resulting in a lupus anticoagulant.

It should be emphasized that we did not measure APA by
cardiolipin assays but rather by the presence of a lupus anticoag-
ulant. Therefore, additional studies will be necessary to deter-
mine whether the association of HLA-DQw?7 with the lupus
anticoagulant can be generalized to APA when measured as
anticardiolipin antibodies. Nonetheless, these data suggest that
patients with the lupus anticoagulant constitute an immuno-
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genetically distinct subgroup of SLE. Whereas autoantibodies
to Ro, La, Sm, and dsDNA are associated with HLA-DQ alleles
most often in linkage disequilibrium with HLA-DR3, DR2,
and DRw6 haplotypes, the lupus anticoagulant occurs more
typically with HLA-DQ alleles represented on HLA-DRS and
-DR4 haplotypes. Additional studies should be performed in
other centers and in other ethnic groups to determine fully the
MHC class I determinants of autoantibodies to phospholipids.
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